Objective: To ascertain progression and regression of cervical dysplasia in HIVinfected women in Soweto.
Background
Squamous carcinoma of the uterine cervix is the second leading cancer in women worldwide and the leading cause of cancer death in women living in many developing countries [1] . Of the 500 000 cases and 275 000 deaths from squamous carcinoma worldwide in 2002, over 80% occurred in developing settings [2] . Squamous cervical cancer is initiated by infection with the human papillomavirus (HPV) [3] [4] [5] , and generally progresses in stages from low-grade squamous intraepithelial lesions (LSIL) to high-grade squamous intraepithelial lesions (HSIL). HSIL may then progress to invasive squamous carcinoma. The risk of progression from LSIL to HSIL and invasive carcinoma is low, with a small minority (11%) of untreated LSIL women eventually progressing to HSIL and invasive carcinoma [6] over several decades. This long premalignant phase allows preventive interventions: screening with curative excision of the affected zone of the cervix for cases shown to have progressed to HSIL.
Most longitudinal data on the natural history of HPV infection and progression to malignancy has been derived from HIV-seronegative women in developed settings. In HIV-infected women, however, higher rates of HPV infection [7] [8] [9] [10] , more rapid and more frequent progression [11] , with poorer treatment outcomes [11] [12] [13] compared to HIV-seronegative have been reported. South African women have very high rates of invasive cervical cancer; in 1997 Black South African women had a lifetime risk of 1 in 23 for invasive cervical cancer [14] .
South Africa has the highest burden of HIV-infected people globally and women in developing settings such as South Africa bear a higher burden of HIV infection than men; in young South African women HIV seroprevalence is double that of men [15] . Moreover, as HIVinfected women increasingly access antiretroviral treatment (ART) programs in large numbers -over 920 000 people had been initiated on HAART by May 2010 in South Africa alone [16] -a larger proportion will survive for many years.
Data on progression and regression of premalignant lesions in HIV-infected women are increasingly important to include their needs in planning of cervical screening and treatment programs, and to estimate potential benefits of novel cervical cancer prevention methods. We report the prevalence and rates of both regression and progression of premalignant cervical lesions in an operational cohort of HIV-infected women in Soweto, South Africa.
Methods
An operational cohort of treatment-naive HIV-infected men and women, 18 years and older was initially established in 2003 in Soweto to rapidly transition patients onto antiretrovirals once they became widely available a year later. Methods have been described previously [17, 18] . The cohort continued to enroll new participants for the duration of the study. In brief, all participants receive a package of care provided by primary care nurses, supported by a doctor, that includes symptomatic screening for tuberculosis (TB) and further investigation of those with TB symptoms, symptomatic screening for sexually transmitted infections (STIs) with syndromic management for those with symptoms, and treatment for common HIV-related ailments with referral to the local hospital for more severe illness. Female contraceptive methods are dispensed by nurses as part of the consultation. CD4 cell counts are scheduled semiannually and those eligible for antiretroviral drugsaccording to South African guidelines -are referred to ART treatment clinics [19] . Women in the cohort are offered annual cervical smears. Those who provide written informed consent have a baseline questionnaire administered to collect socio-demographic, clinical and behavioral data and again at visits scheduled 6-monthly. This cohort has active follow-up, triggered by nonattendance at the clinic for longer than 6 months and escalates from telephone contact to letters posted to home addresses and then a home visit.
Conventional Pap smears are performed and assessed at the National Health Laboratory Service (NHLS) Cytopathology Division in Johannesburg which is accredited by the South African National Accreditation System (SANAS) using the 2001 Bethesda reporting system [20] . The cytology report of women found to have LSIL or atypical squamous cells of uncertain significance (ASCUS) includes a recommendation to have a repeat smear in 6-12 months; those with atypical squamous cells -cannot exclude a high-grade lesion (ASCH), HSIL or a more severe diagnosis recommends that the woman be referred for colposcopy. Women in our cohort are referred to the colposcopy clinic at the adjacent hospital for further curative treatment [21] . Laboratory reports of women whose smear is unable to be evaluated either due to inadequate endocervical or ectocervical cell sampling, or due to obscuring blood or inflammation includes a recommendation for a repeat smear either immediately or following treatment for infection.
Smear readers were not blinded to previous smear results but every smear was verified by a second reader as per standard screening protocols in this laboratory. The study was approved by the Ethics Committee of the University of the Witwatersrand, and analysis of anonymized data by the Johns Hopkins University Institutional Review Board.
Study definitions
Progression was defined either as a subsequent smear with a cytological diagnosis of ASCH, HSIL or worse in women who had a previous normal or LSIL smear with an interval between smears of more than 5.5 months. Regression was defined as an initial LSIL smear, followed by a subsequent normal cervical smear. For the purposes of this study, sufficient time had to elapse between smears to allow regression to occur; the interval between smears for our analysis of regression was therefore more than 11.5 months. A sensitivity analysis was also performed using all women with baseline LSIL diagnoses who had at least one subsequent smear irrespective of its timing.
For 16 women diagnosed with ASCUS at baseline, their subsequent smear was used instead of their baseline smear in the longitudinal analysis of both regression and progression. Women with ASCUS at baseline who did not have another smear or who had only subsequent ASCUS smears were not included in the longitudinal regression/progression analysis (n ¼ 57). Women with cytologically normal baseline smears and then only ASCUS subsequent smears were excluded from the progression analysis (n ¼ 12); similarly, women with LSIL baseline smears and then only ASCUS subsequent smears were excluded from the progression and regression analyses (n ¼ 4).
Statistical issues
We compared baseline characteristics of women who did and did not receive cervical smears using chi-squared, equality of median tests or equality of proportions tests as appropriate. Logistic regression was performed to assess associations with prevalent premalignant lesions. For regression and progression analyses, both cumulative percentages of women who progressed/regressed and the incidence rate using person time of progression/ regression are reported. Cox proportional hazards models were used to assess associations with progression and regression. The final analysis of risk factors for incidence of progression was further restricted from 1074 to 950 women who had CD4 cell counts available within 6 months of their baseline cervical smear. CD4 cell count at time of baseline cervical smear was used in the final analysis; sensitivity analyses using time-varying CD4 cell counts were also performed.
Variables were selected to be included in regression models based on prior literature and biological plausibility. Weight was not included in the final multivariate model as it was biologically the least plausible of the variables explored, highly correlated with CD4 cell count and was not shown to be associated with the outcome in the univariate model. Weight was stratified into tertiles for convenience as it was not expected to have a linear relationship with the model outcomes.
Results
There were 2475 women in this operational cohort of whom 2325 (94%) had at least one analyzable cervical smear between August 2003 and May 2009. The 150 women not screened had a statistically significantly lower prevalence of STI symptoms, and a higher body mass index (BMI) on entry into the cohort than those women who had at least one cervical smear (Table 1) ; other characteristics, however, were similar between the two groups. Out of the 4425 cervical smears included in the study sample, 39 smears were rejected as unsatisfactory (0.9%). For those participants with subsequent satisfactory cervical smears, this smear was used in the analysis. Twenty-two individuals with rejected smears did not have a subsequent satisfactory smear. 
4).
Prevalence of premalignant cervical lesions Thirty-eight percent (38%) of women had a prevalent premalignant uterine cervical lesion diagnosed cytologically at their first smear ( In a separate multivariate logistic regression model assessing predictors of prevalent HSIL at baseline, higher CD4 cell count was also associated with decreased adjusted odds of prevalent HSIL (aOR 0.82, 95% CI 0.77-0.87 per increment of 100 CD4 cells/ml). However, age was not associated with prevalent HSIL (aOR 1.04, 95% CI 0.96-1.13 per 5-year increase); but being in the highest tertile of weight decreased the adjusted odds of prevalent HSIL (aOR 0.71; 95% CI 0.51-0.97).
Progression and regression of cervical premalignant lesions
In the prospective analysis, 1193 (51.3%) women had at least one smear, more than 5.5 months after their baseline smear. Women who had only one smear during this time period were more likely to have a baseline intra-epithelial lesion (45 vs. 33%; P < 0.001) and more likely to be lost to follow-up or have died (P < 0.001) than women with two or more smears. However, they did not differ by CD4 cell count (P ¼ 0.202), age (P ¼ 0.290) or HAART status at time of their first smear (P ¼ 0.320). One hundred and nineteen women who had more than one smear at least 5.5 months apart but with a baseline ASCH, HSIL or AGUS smear were excluded from the progression/ regression analyses. Thus, 1074 women with baseline normal or LSIL smears and subsequent smears which were either normal, LSIL, ASCH, HSIL or invasive malignancy were included in the prospective analyses. The median follow-up time from first smear to last smear in women with two or more cervical smears, and whose baseline smear was normal or LSIL, was 2.5 years (IQR 1.7-3.4).
Overall, 10.5% (95% CI 8.7-12.4) of women with multiple smears and a baseline of normal or LSIL smear progressed to HSIL during follow-up, and in person-years of follow-up, progression to LSIL and HSIL amongst those with baseline normal smears was 9.6/100 personyears (95% CI 8.3-11.1) and 3.3/100 person-years (95% CI 2.6-4.2), respectively (Table 3) . Of 832 women with a baseline normal smear, 69.6% (95% CI 66.5-72.7) had a subsequent normal smear, 21.8% (95% CI 18.9-24.6) progressed to LSIL, 7.3% (95% CI 5.6-9.1%) progressed to HSIL, and 1.3% (95% CI 0.5-2.1) to ASCH. In 242 women with baseline LSIL, the proportion whose subsequent smear at least 5. and incidence in these women of HSIL was 9.8/100 person-years (95% CI 7.5-12.7). Overall, the combined progression to ASCH or HSIL from a baseline normal or LSIL smear was 4.6/100 person-years (95% CI 3.9-5.5).
In those women with smears at least 11.5 months apart and whose initial smear was LSIL (n ¼ 225), incidence of regression to a subsequent normal smear was 21.2/100 person-years (95% CI 17.5-25.7). Seventeen of the participants with a baseline LSIL diagnosis had only one subsequent smear which was taken before the full 11.5 months had elapsed. These smears ranged in time from 144 to 349 days after the baseline LSIL smear. In a sensitivity analysis using all 242 participants with a baseline LSIL smear and at least one subsequent smear, regardless of elapsed time between the first and last smear, the incidence of regression was 20.7/100 person-years (95% CI 17.1-25.1).
Associations with progression and regression
Women with baseline normal or LSIL smears contributed 2353 person-years in the analysis of time to progression.
In the univariate models assessing risk factors for any progression from baseline normal or baseline LSIL, only lower CD4 cell count was statistically significantly (P < 0.05) associated with progression (Table 4) . Multivariate model results, which assess the effect of CD4 cell count at time of baseline smear on the risk of progression, controlling for category of age, baseline smear result (normal vs. LSIL), smoking history (ever vs. never) and time-varying HAART status showed that baseline CD4 strata remained strongly associated with progression and ) and aHR 1.65 (95% CI 1.14-2.39), respectively. This relationship was maintained in a sensitivity analysis using time-varying CD4 cell count in a subset of the cohort who had CD4 cell counts within 6 months of every cervical smear (n ¼ 632) (results not shown). HAART was also independently and statistically significantly associated with a decrease of 28% in risk of progression (aHR 0.72; 95% CI 0.52-0.99) in adjusted analysis using baseline CD4 count but not in the sensitivity analysis including time-varying CD4 counts (aHR 1.47; 95% CI 0.93-2.33). No other measured variables were associated with progression in the adjusted model. Kaplan-Meier curves suggest a threshold effect of baseline CD4 cell count below 500 cells/ml on time to progression (Fig. 1 ).
Amongst women with multiple smears separated by at least 11.5 months whose baseline smear was LSIL and who had a CD4 cell count within 6 months of the first smear (n ¼ 198), the incidence of regression to a normal smear was 20.5/100 person-years (95% CI 16.7-25.3). In the univariate and final adjusted Cox proportional hazards models, none of the CD4 cell count strata was strongly or statistically significantly associated with regression to normal. After adjusting for CD4 cell count at time of baseline smear, time-varying HAART status, smoking history, and age strata, only being in the highest age category (>45) as compared to the reference group of women of 18-25 years was associated with regression to normal (aHR 6.71, 95% CI 2.08-21.67). There was, however, a general trend across the age strata suggesting that older age is associated with higher rates of regression. This trend held across sensitivity analyses, including timevarying CD4 cell count and age as a continuous variable.
Discussion
The large cohort of HIV-infected women followed prospectively shows extremely high rates of intraepithelial cervical lesions -both prevalence (38.1%) and progression (11.7/100 person-years). Cumulatively, over one-quarter of women with a baseline normal or LSIL lesion progressed to a high-grade cervical lesion during follow-up, but lesions of fewer than half of women with baseline LSIL regressed. An important finding was that none of the cervical smears showed cytological features of carcinoma.
Similar high rates of prevalent squamous intra-epithelial lesions in HIV-infected women at a relatively young age have been reported from South Africa [7, 22] . In Cape Town, prevalence rates of 35 and 13% for LSIL and HSIL, respectively, were reported at baseline in a cohort of HIVinfected women, 68% of whom had high-risk HPV subtypes. Over 36 months, 17% of the women progressed to incident LSIL compared to 21.8% in our study; also, fewer progressed from LSIL to HSIL (4 vs. 21.5%) but none received HAART. A cross-sectional study from Johannesburg reports increasing risk of cervical lesions with decreasing CD4 cell counts, and HPV types 16 (41.7%) and HPV 56 (22.2%) were most frequently detected in women with HSIL [22] .
We noted higher rates of regression from LSIL to normal with increasing age. The natural history of low-grade cervical lesions in the general population is that they are more frequent in younger women in the first decade after sexual debut, but most regress spontaneously over time leaving behind a small proportion of lesions likely to progress [23] [24] [25] . Thus, LSIL in an older woman would be expected to be a more persistent lesion. The protective effect of age on persistence/progression in this HIVinfected cohort is unexplained. Studies in developed settings have demonstrated that LSIL persistence is a predictor of progression [26] [27] [28] . We are, however, unable to draw inferences as the data had relatively few women with three or more cervical smears. Although this is the first report that we are aware of describing the effect of HAARTon progression and regression of premalignant lesions in a high HIV-prevalence setting, our ability to draw inferences on the benefits of HAART is limited because HAART initiation is indicated by a CD4 cell count of less than 200 cells/ml. However, in our primary analysis including baseline CD4 cell count as a covariate in the multivariate model of progression, HAART independently protected against progression but not in the sensitivity model with time-varying CD4 counts. Indeed, we were able to show a protective effect of HAART despite short durations on ART. Conflicting findings on the effect of HAARTon risk of progression in HIV-infected women have been reported [26, 29, 30] and studies with longer follow-up on HAART are warranted, especially in resource-limited settings. However, as far as we are aware, this is the most comprehensive longitudinal report of cytological progression and regression of a large number of HIV-infected women followed prospectively in a high HIV, high HPV-prevalence setting. Moreover, we do not have a comparative group of HIV-seronegative women. Smear readers were not blinded to prior smear results; we posit that this may have resulted in spuriously higher rates of premalignant lesions than if readers were blinded. However, each smear was verified by a second screener, and all previous smears with a higher/lowergrade diagnosis to the current were then re-reviewed by a senior technologist. We believe that these measures countered this potential source of bias. Finally, we did not collect data on whether women had a cervical smear before they came to our study. Guidelines for a South African National Cervical Smear Screening Program were established in 2000 but implementation has been poor. We therefore think that overdiagnosis bias does not apply.
A multicenter South African study [31] reported prevalence of abnormal smears to be far lower than that reported by ourselves: 2.4% LSIL and 1.8% HSIL. Although HIV serostatus of participants was not reported on, at the time of the study, antenatal seroprevalence in South Africa is estimated at 24.5% [32] .
Our study suggests that shorter screening intervals than the currently implemented 10-yearly in South Africa are warranted across all ages of adult HIV-infected women whose CD4 cell count is below 500 cells/ml. However, annual screening of HIV-infected women currently being discussed in South Africa may not be cost-effective in resource-constrained settings considering the high rates of prevalent LSIL and the absence of squamous carcinoma detected in our study. This combined with the long duration between LSIL and invasive cancer [7] [8] [9] [10] suggests that intervals longer than a year between smears may be appropriate in this population -especially as more women are treated with HAART; LSILs can take 1-2 years to clear in an immune-competent women [33] and clearance is likely prolonged in immune-compromised women. Annual screening may, therefore, use scarce screening and colposcopic resources for the diagnosis of transient cervical abnormalities destined to resolve with time. A screening interval triaged by CD4 cell count, however, may be of value considering the dose-response relationship we observed with progression. Moreover, our data suggest that women with persistent LSIL may benefit from more aggressive treatment -in line with colposcopic treatment data from Soweto [21] . We hope our data will inform in studies assessing these questions and inform the design of randomized trials -both of treatment and prevention of premalignant and malignant cervical lesions in women -irrespective of their HIV serostatus.
